
Immunology 1995 85 645-650

Effects of sodium fusidate in animal models of insulin-dependent diabetes
mellitus and septic shock

F. NICOLETTI,*t P. ZACCONEt R. DI MARCOt G. MAGRO,4 S. GRASSO,4 S. MORRONE,§
A. SANTONI,§ G. TEMPERA,¶ P.-L. MERONI* & K. BENDTZEN** *InstituteofInternal Medicine, Infectious
Diseases and Immunopathology, University of Milan, tII Department of Medical Pathology and Metabolic Diseases and tInstitute

ofAnatomo-Pathology, University of Catania, §Department of Experimental Medicine, University of Rome, ¶Institute of
Microbiology, University of Catania, Italy, and **Laboratory of Medical Immunology, State University Hospital, Copenhagen,

Denmark

SUMMARY

We have evaluated the effects of the novel immunosuppressant sodium fusidate (fusidin) in the
non-obese diabetic (NOD) mouse and in D-galactosamine (D-Gal)-presensitized BALB/c mice
challenged with the bacterial superantigen, Staphylococcus aureus enterotoxin B (SEB) or with the
endotoxin, Escherichia coli lipopolysaccharide (LPS). The NOD mouse model has clinical and
histoimmunological features similar to those of human insulin-dependent diabetes mellitus
(IDDM). The SEB- and LPS-treated BALB/c mouse models exhibit pathogenic similarities with
human septic shock conditions. In the NOD mouse, fusidin suppressed the spontaneous
development of insulitis (mean inhibition 73%) and hyperglycaemia (IDDM incidence 25% versus

0%) when administered at 40mg/kg five times weekly for 8 consecutive weeks from the fourth
week of age; concurrently treated animals exhibited reduced percentages of splenic T lymphocytes.
This anti-diabetogenic effect was confirmed in the accelerated model of diabetes induced in the
NOD mouse with cyclophosphamide (CY) (IDDM incidence 55% versus 21-6% using dosages of
fusidin from 40 to 80 mg/kg five times weekly); protection from IDDM development was achieved
even when the drug (80 mg/kg/day) was first administered 7 days after CY challenge. In contrast,
fusidin did not reverse hyperglycaemia when administered to CY-treated animals within 3 days of
IDDM development. In the two models of septic shock, prophylactic treatment with fusidin,

80mg/kg given three times for 2 days prior to D-Gal/SEB or D-Gal/LPS challenge, drastically
reduced the lethality compared with D-Gal/buffer-treated mice. This effect may depend on the
inhibitory action of fusidin on the secretion of cytokines such as interferon-y and tumour necrosis
factor-ac, the serum levels of which were greatly diminished in the fusidin-treated mice (mean
inhibition 50-90%). These results demonstrate that fusidin may have a role in the treatment of
cell-mediated autoimmune diseases and cytokine-mediated infectious diseases in humans.

INTRODUCTION

Fusidin, the sodium salt of a tetracyclic triterpenoic acid, is an
antibiotic used primarily for the treatment of Staphylococcus
infections." 2 Recently, both fusidic acid and its sodium salt,
sodium fusidate (fusidin), were found to exhibit immunosup-
pressive properties in vitro.3 Fusidin diminishes the secretion of
T- and B-cell stimulatory cytokines such as interleukin-1# (IL-
1#), IL-2 and interferon-y (IFN-y), and also inhibits the
thymocyte costimulatory activity of IL-la, IL-/I# and IL-6. In
agreement with these experimental observations, preliminary
clinical studies have shown that fusidin may favourably
influence the course of immunoinflammatory disorders such
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as chronic endogenous uveitis, Behget's colitis, Crohn's disease
and insulin-dependent diabetes mellitus (IDDM).47 Fusidin-
treatment also protects diabetes-prone BioBreeding (DP-BB)
rats from diabetes development when administered early in life
and prior to disease development.8 Considering the low toxicity
of fusidin,9 these data predict a role for this drug in the
treatment of autoimmune diseases and perhaps other immuno-
inflammatory diseases. We therefore studied the effects of
fusidin in the non-obese diabetic (NOD) mouse and in two
murine models of human septic shock conditions.

The NOD mouse is a well-known experimental model
exhibiting histoimmunological and clinical similarities to
IDDM in humans.'0 As in humans, IDDM appears to occur

in these mice as a consequence of an autoimmune reaction
against the pancreatic #-cells, mediated by mononuclear cells
that selectively infiltrate the islets of Langerhans prior to and
shortly after IDDM development (insulitis). Although these
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cells progressively accumulate in the islets by 4-5 weeks of age,

a long prediabetic period occurs in NOD mice, and IDDM
develops primarily in female NOD mice (70-80%) by 30-40
weeks of age. However, the disease may. be provoked at an

earlier age by administration of cyclophosphamide (CY), which
is thought to inhibit suppressor cell functions.' 1-13 CY thus
induces an accelerated form of diabetes with immunopatho-
genic features similar to those provoking the spontaneous form
ofIDDM in these mice, with T cells and macrophages playing a

major pathogenic role. 4"15 The capacity of these cells to secrete
immunomodulating and inflammatory cytokines such as IL- Ip,
IL-6, tumour necrosis factor-a (TNF-a) and IFN-y seems

important,'6-2' and both forms of the disease may be prevented
with immunosuppressive drugs such as FK506 and deoxysper-
gualin (DSP).22-25 Consequently, CY-treated NOD mice

provides a relevant in vivo model of human IDDM for the
screening of immunosuppressive drugs that modulate cell-
mediated and/or cytokine-mediated immunoinflammatory
processes.

Conditions similar to septic shock in humans may be
induced in mice by administration of Staphylococcus aureus

enterotoxin B (SEB) or Escherichia coli lipopolysaccharide
(LPS) to D-galactosamine (D-Gal)-sensitized BALB/c mice.26
From the pathophysiological point of view, these conditions
develop as a result of the release of cytokines from
inflammatory cells activated by SEB or LPS. While these two
experimental conditions are rapidly lethal for the animals (8-
24 hr from challenge) and TNF is an essential mediator in both
models, major pathogenic differences exist between them.26'27
SEB appears to act as a superantigen interacting with T-cell
receptor Vfl chains, causing massive release of T-cell derived
cytokines such as IL-2, IFN-y, TNF-ot and TNF-f3. The T-cell
dependent nature of SEB-induced lethality is also consistent
with the protective effect exhibited by cyclosporin A (CsA),26'28
a selective suppressor ofT cells,29 and by the resistance of T-cell
deficient severe combined immunodeficient (SCID) mice to the
syndrome.26 In contrast, LPS directly stimulates macrophages
to release cytokines such as IL-la, IL-1,B, IL-6 and TNF, the
latter being particularly important as a pathogenic factor in
septic shock.27 Furthermore, T cells do not appear to be
important for the development of the LPS-induced shock
syndrome, and LPS-induced lethality may be prevented with
corticosteroids that inhibit macrophage cytokine production,
but not with CsA; the syndrome may also be provoked in T-cell
deficient SCID mice.26

In this paper, we demonstrate that fusidin, given under
different experimental conditions, suppresses both biochemical,
histological and clinical features of all three animal models of
immunoinflammation.

MATERIALS AND METHODS

Drugs and reagents
Fusidin, in 10mg/ml phosphate-buffered saline (PBS), was

provided by Sigma-Tau (Pomezia, Rome, Italy) through Leo
Pharmaceutical Products (Ballerup, Denmark). Dexametha-
sone (DEX; 40mg/kg body weight, in PBS, given intraper-
itoneally) and CsA (60 mg/kg body weight, in olive oil, given
intramuscularly), were purchased from Sigma (St Louis, MO)
and SandQz (Basel, Switzerland), respectively. CY, in 20 mg/ml
sterile water, was provided by Schering-Plough (Milan, Italy).

Fluorescein isothiocyanate (FITC)-conjugated rat monoclonal
antibodies (mAb) recognizing mouse T lymphocytes (Thy-1.2),
CD4 (L 3T4) and CD8 (Lyt-2) antigens, and the IL-2 receptor
(CD25), were from Pharmingen (San Diego, CA). Goat anti-
mouse immunoglobulin (Pharmingen) was used to determine
the percentages of B lymphocytes. Kits for detection of mouse
IFN-y and TNF-a were from Holland Biotechnology (Leiden,
the Netherlands) and Genzyme (Cambridge, MA), respectively,
and used according to the manufacturers' recommendations.
SEB, LPS (serotype 0127:B8) and D-Gal were from Sigma.

Mice
Female NOD mice and BALB/c mice were purchased from
Bomholtgaard Breeding Centre (Ry, Denmark). The mice were

maintained under standard laboratory conditions with food
and water ad libitum, and allowed to adapt at least 1 week
before starting the experiments.

IDDM models
Two groups of female NOD mice were given either fusidin,
40mg/kg, or the same volume of PBS intramuscularly (i.m.)
five times a week from 4-12 weeks of age (Table 1). The mice
were examined for diabetes development once a week. Diabetes
development was diagnosed on the basis of 2 consecutive days
of glycosuria followed by fasting glycaemia above 11 -8 mmol/l.
At the end of the treatment period, the mice were killed by
cervical dislocation. Pancreatic specimens and splenic lym-
phoid cells were collected and analysed to evaluate the degree of
insulitis and the proportion of splenic lymphoid cell subsets.

Another set of experiments was performed to evaluate the
capacity of fusidin to protect female NOD mice from the
accelerated model of IDDM, which can be induced with CY.
CY challenge was done in euglycaemic, 14-17-week-old mice
by a single intraperitoneal (i.p.) injection of 300 mg/kg ofCY at
day 0. Several groups of animals were created, which were

treated with PBS or fusidin (Table 2). At days + 14 and + 15,
the mice were examined for diabetes development using the
same criteria as described above. At this point, fusidin or PBS
treatment was withdrawn, and all mice were killed for
histological analysis of the pancreatic islets.

Immunofluorescence analysis
Splenic lymphoid cells were obtained as previously described30
from 12-week-old female NOD mice treated for 8 consecutive
weeks with fusidin or PBS. The proportion of mononuclear cell
subsets was evaluated by direct immunofluorescence analysis.
This was performed by incubating 106 splenic lymphoid cells
with 10 M FITC-conjugated anti-Thyl .2, anti-Lyt-2, anti-L
3T4, anti-CD25 and anti-immunoglobulin mAb that specifi-
cally recognize mouse T cells, CD8 +, CD4, CD25 + cells and B
cells, respectively. Cell fluorescence was evaluated by flow
cytometry (FACS-Star; Becton-Dickinson, Mountain View,
CA).

Histological examination ofpancreatic islets
Histological examination of the pancreatic islets was performed
in a blind fashion by two pathologists unaware of the status
and/or the treatment of the animals, as described previously.30
The degree of mononuclear cell infiltration was graded as

follows: 0, no infiltrate; 1, periductular infiltrate; 2, peri-islet
infiltrate; 3, intra-islet infiltrate; 4, intra-islet infiltrate associated
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with fl-cell destruction. The mean score for each pancreas was
calculated by dividing the total score by the numbers of islets
examined.

Septic shock models
A lethal syndrome with features similar to human septic shock
was elicited in 6-week-old female BALB/c mice 8-24 hr after
challenge with 20mg D-Gal subcutaneously (s.c.), together
with either 50 yg LPS i.p. or 50,ug SEB i.p. (Table 3). To
evaluate the effect of fusidin prophylaxis, two groups of mice
were treated as above and, in addition, with 80mg/kg fusidin
given three times at -48, -24 and -2 hr prior to challenge.
Untreated BALB/c mice and mice treated with CsA, DEX or
PBS were included.

Finally, we studied the effects of fusidin on the accumu-
lation of IFN-y and TNF-a that occurs shortly (90-120 min)
after injection of SEB (IFN-y and TNF-a) or LPS (TNF-a).
Experiments were therefore carried out in which BALB/c mice,
pretreated with fusidin or PBS under the same experimental
conditions, were killed 120 min after D-Gal/SEB or D-Gal/LPS
challenge for serum collection and measurement of IFN-y and
TNF-a (Fig. 2).

Statistical evaluations
Statistical analyses were performed by chi-square and ANOVA.
P-values < 0-05 were considered significant.

RESULTS

Fusidin suppresses histological and clinical signs of IDDM in
NOD mice

Fusidin was administered for 8 consecutive weeks to female
NOD mice after the age of 4 weeks. This time period was
chosen because the extent of insulitis is mild or absent in 4-
week-old NOD mice, with severe insulitis occurring in most
mice from 10-12 weeks of age.'0 As expected, all mice treated
with PBS developed signs of severe insulitis by the end of the
treatment period, often associated with complete destruction of
the pancreatic fl-cells (Table 1). Moreover during this period
five out of 20 (25%) mice developed overt diabetes with
glycosuria and hyperglycaemia. In contrast, although fusidin
prophylaxis could not completely suppress insulitis develop-
ment, it drastically reduced its severity, and none of the treated
animals developed diabetes (Table 1). Along with the protective

Table 1. Fusidin prophylaxis protects NOD mice from spontaneous
development of diabetes

P Diabetes P
Treatment Insulitis (ANOVA) incidence (chi-square)

PBS alone 2 6 + 0-8 Control 5/20 (25%) Control
Fusidin, 40mg/kg 0-7 ± 0-3 <0 01 0/20 (0%) <0.02

Fusidin prophylaxis was started in euglycaemic female NOD mice
at 4 weeks of age. The drug was administered i.m. once daily, five times
a week for 8 consecutive weeks. At the end of the treatment period or at
diabetes onset, pancreatic specimens were collected for histological
analysis.

3+ CD4+ CD8+
Lymphocyte markers

Figure 1. Splenic mononuclear cell subsets in NOD mice treated with
fusidin or PBS. After 8 weeks of treatment with 40mg/kg fusidin or
PBS, eight euglygaemic female NOD mice in each experimental group
were killed and spleen cells removed for immunofluorescence analysis.
The fluorescence of cells was evaluated by flow cytometry. The results
are expressed as mean values ± SD. Statistical analysis was performed
by ANOVA; NS, not significant. 1g, immunoglobulin.

effect on insulitis development, prolonged treatment with
fusidin also reduced the percentages of splenic T lympho-
cytes, including CD4+ and CD8+ cells. The percentage of B
lymphocytes was unaffected by the drug, but fusidin tended to
decrease the proportion of activated spleen lymphoid cells
expressing the IL-2 receptor (Fig. 1).

These observations prompted further assessment of the
immunosuppressive properties of fusidin using the accelerated
IDDM model induced in this strain of mice with CY.

When CY-challenged NOD mice were either untreated or
only received PBS, an acute form of diabetes with severe
insulitis, hyperglycaemia and glycosuria occurred 15 days after
challenge in the majority of the animals (Table 2). Prophylactic
treatment with fusidin given under different experimental
conditions suppressed dose-dependently the development of
clinical and histological signs ofIDDM, thus substantiating the
findings obtained in the spontaneous IDDM model. Protection
from IDDM was also achieved when treatment with the highest

Table 2. Fusidin protects NOD mice from accelerated development of
diabetes induced by CY

P Diabetes P
Treatment Insulitis (ANOVA) incidence (chi-square)

PBS alone,
day -3-+ 14 2-8 i 0 7 Control 11/20 (55%) Control

Fusidin, 10mg/kg,
day-3-+14 3 1 + 0-8 NS 10/16 (62-5%) NS

Fusidin, 40 mg/kg,
day -3-+14 21 +07 NS 4/19(21%) < 003

Fusidin, 60 mg/kg,
day + 1-14 07 + 05 < 001 2/20 (10%) < 0002

Fusidin, 80 mg/kg,
day + 7-14 27 + 1 1 NS 1/18 (56%) < 0-001

Fusidin was administered daily, five times a week; see Table 1.
Day 0 = day of challenge with 300 mg/kg CY i.p.
NS, not significant.
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Table 3. Fusidin prophylaxis protects D-Gal sensitized BALB/c mice
from exotoxin- and endotoxin-induced lethality

Treatment

SEB
LPS
PBS
CsA
DEX
Fusidin

* 0 0 0

.

0

0

0

0

Lethality (%) 100 0 0 0 100 100 0 0

Mice, 20 in each group, were injected with D-Gal, 20 mg s.c., along
with 50 pg SEB or 50 pg LPS i.p., CsA (60 mg/kg), DEX (40 mg/kg) or

fusidin (80 mg/kg) was administered at -48, -24 and -2 hr prior to
challenge.

dose of fusidin was first started 7 days after CY challenge, even

though this delayed treatment failed to reduce the signs of
insulitis (Table 2). Fusidin, 80mg/kg/day, failed to reverse

hyperglycaemia when administered within 3 days of onset of
overt diabetes (data not shown).

Fusidin side-effects in NOD mice

Prolonged treatment with fusidin for 8 consecutive weeks was

generally well tolerated. None of the animals died during the
treatment period, and histological analyses of their spleens,
kidneys and livers did not show any pathological change
compared to control mice. However, a modest but significant
reduction in body weight was noticed in the mice treated with
fusidin, 22-1 3-1 g, compared with PBS-treated mice,
23-7 ± 2-1 g (P < 003 by ANOVA). This also occurred in
fusidin-treated mice challenged with CY (data not shown).

A common, dose-related side-effect occurring after injec-
tions of fusidin was an inflammatory reaction taking place at
the site of injection, developing with variable severity in the
animals. The i.m. route of administration was chosen because
i.p. treatment with fusidin induces a granulomatous reaction,
the s.c. route causes a severe inflammatory reaction, and fusidin
is poorly adsorbed in mice after oral administration.31 The
possibility that the inflammatory reaction at the injection sites
may have contributed to the immunosuppressive effects of
fusidin seems unlikely. Thus, in each experimental group there
was no correlation between the presence and/or severity of the
reaction and clinical and/or histological effects of the drug.

Fusidin protects D-Gal-sensitized BALB/c mice from SEB-
or LPS-induced lethality and suppresses the in vivo release of
TNF-cx and IFN-y

Challenge with D-Gal/SEB or D-Gal/LPS caused the death of
all control mice (untreated or PBS-treated) within 24 hr (Table
3). As previously reported by others,26'28 pretreatment with
DEX prevented the death of the mice in both experimental
models, whereas CsA pretreatment only suppressed SEB, but
not LPS, toxicity. In contrast, fusidin prophylaxis completely
protected all animals from the lethal effect of both toxins
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Figure 2. Fusidin suppresses the in vivo serum levels of IFN-y and
TNF-a. Two hours after challenge with D-Gal and either SEB or LPS
(see Table 3), five mice from each experimental group were killed and
individual serum samples were assayed for TNF-a and, in mice
challenged with SEB, IFN-y. Results are expressed as mean values. SD
were < 15%. Statistical analysis was performed by ANOVA.

(Table 3). Fusidin was, however, lacking its protective effects
when treatment was first started 2 hr after endotoxin challenge
(data not shown).

Since cytokines, particularly TNF and IFN-y, are essential
mediators of these syndromes,26'2732 we investigated whether
fusidin inhibited the accumulation of these cytokines in the
animals. As shown in Fig. 2, fusidin prophylaxis markedly
diminished the serum levels of TNF-ca and IFN-y compared
with PBS-treated controls.

DISCUSSION

Four classes of immunosuppressive drugs are commonly used
for the treatment of autoimmune diseases and other immu-
noinflammatory disorders. These consist of corticosteroids,
alkylating agents such as cyclophosphamide, anti-metabolites
such as azathioprine and, used more recently, CsA. CsA is the
prototype of a novel class of drugs, which include the
macrolides FK506 and rapamycin. All these latter drugs seem

to function through selective and reversible inhibition of T
lymphocytes at non-toxic concentrations.29

In this study, we demonstrate that fusidin, like members of
the above group of drugs, prevents both spontaneous and CY-
induced, diabetes in NOD mice, and also protects D-Gal-
sensitized BALB/c mice from primarily T-cell (SEB-induced)
and macrophage- (LPS-induced) dependent forms of lethality.
The protective effect of fusidin on the development of
histological and clinical signs of diabetes in the NOD mouse

is in accordance with the anti-diabetogenic properties pre-

viously observed with this drug, both in newly diagnosed
IDDM patients and in DP-BB rats.7 8 In the lethality models,
fusidin acted in a manner comparable to DEX, which
prevented the death of mice in both the SEB and LPS
models. In contrast, CsA only protected SEB-treated, but not
LPS-treated, animals.

While the precise mechanism(s) of action of fusidin remains
to be defined, in vitro studies of human mononuclear cells
indicate that it does not exhibit a corticosteroid-like activity but
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rather resembles CsA in its selective suppression of T-cell
functions.3 Our findings suggest that fusidin may function in a
more complex manner in vivo than is predictable from in vitro
experiments. For example, the drastic reduction of the serum
levels of TNF-a observed in fusidin-treated mice after injections
of SEB or LPS contrasts with the minimal efficacy with which
the drug decreases TNF-Lx production in vitro.3 Conversely, the
capacity of fusidin to reduce the serum levels of IFN-y in mice
challenged with SEB agrees with previous in vitro experiments
using mononuclear cells of human and rat origin.3'8 Impor-
tantly, since both IFN-y and TNF-c are involved in the
development of IDDM and septic shock, 6"17'2126'27'32 it is
possible that this effect of fusidin may have contributed to the
beneficial effects in these models. Moreover, fusidin reverses
IL-I #- and IL-6-induced modulation of glucose-induced insulin
production and inhibits IL-lfl-induced IL-6 production by
pancreatic islets of normal rats.33 If the drug functions in a
similar manner in mice, these effects may also have contributed
to the protection of NOD mice from developing IDDM.

Fusidin-induced protection from IDDM may have involved
two not mutually exclusive mechanisms, depending on whether
the drug was given early or late during disease development. On
the one hand, fusidin may have acted through a T-cell
suppressive function which, in turn, inhibited/reversed the
insulitis process (e.g. accumulation of mononuclear cells in the
pancreatic islets) and the clinical appearance of hypergly-
caemia. This mechanism fits with the outcome of the studies in
CY-challenged and normal NOD mice receiving fusidin as a
long-term prophylactic measure, since these animals showed
milder signs of insulitis and, in the latter mice, had reduced
numbers of splenic T cells. On the other hand, when
administered in the efferent phase of the autoimmune
reaction, fusidin may have prevented development of hyper-
glycaemia without interfering with the insulitis process. Hence,
in the case ofNOD mice first treated 7 days after CY challenge,
fusidin-induced protection might have involved the antagonis-
tic action of the drug on IL- l- and IL-6-induced dysfunction of
the f-cells and/or suppression of effector cell functions.33 This
observation may be particularly relevant from the clinical point
of view, where prophylaxis is feasible only in subjects exhibiting
immunological and metabolic signs of ongoing insulitis.
However, even though fusidin was incapable of reversing
hyperglycaemia in diabetic mice with recent onset of CY-
induced diabetes, the drug may also have a therapeutic role
in human IDDM. In this regard, it is noteworthy that NOD
mice as well as DP-BB rats with IDDM are less prone to remit
than humans with recent onset IDDM. Also, the disease
cannot be reversed in these animals by early treatment with
CsA (F. Nicoleti et al., manuscript submitted for publication),
which often reverses human IDDM,34-36 rapamycin,37 FK506
and DSP (F. Nicoletti et al., manuscript submitted for
publication).

Positive effects of fusidin were achieved in a dose-dependent
fashion in doses ranging between 40 and 80 mg/kg/day.
However, caution should be exercised when extrapolating
these results to the clinical setting, because fusidin is
metabolized more rapidly in rodents than in humans, and
lower doses of the drug are likely to exhibit immunosuppressive
properties in humans.9'3' This is underscored by preliminary
studies of individuals with recent onset IDDM in which fusidin,
at doses ranging between 20 and 40mg/kg/day, favourably

modulates the course of the disease ( F. Nicoletti, unpublished
observations).7

Fusidin has previously been shown to reduce the incidence
of IDDM in DP-BB rats at lower doses (2-4mg/rat/day, e.g.
approximately 10-20 mg/kg body weight) than those presently
used and, unlike in this study, fusidin was not preventing
IDDM in a dose-dependent fashion.8 Fusidin also induced
anaphylactoid reactions in DP-BB rats when administered at
doses higher than 4mg/rat/day.8 A probable explanation for
these discrepancies is the different vehicles used for fusidin in
the two studies, a mixture of olive oil (80%) and ethanol (20%)
in the case of DP-BB rats8 and PBS (this study). Thus, an

anaphylactic reaction occurred in CY-challenged NOD mice
treated with 1 mg/day of fusidin vehicled in olive oil/ethanol,
and DP-BB rats treated with high doses of fusidin in PBS did
not exhibit anaphylactoid reactions; in this case, the drug also
displayed a dose-dependent effect on IDDM development (F.
Nicoletti, unpublished observations).

It remains to be ascertained whether fusidin protects NOD
mice from IDDM development in a temporary or permanent
fashion. Although this issue was not addressed in this study, the
reversibility of the anti-diabetogenic effect of fusidin both in
newly diagnosed IDDM patients and in DP-BB rats after drug
withdrawal (F. Nicoletti, unpublished observation)8 makes it
likely that diabetes will occur in NOD mice once fusidin
treatment is interrupted. Recurrence of autoimmune diseases
after withdrawal of CsA, FK506 and DSP is frequently
observed both in humans and in experimental models.8'30'37

It is difficult to assess the therapeutic potential of fusidin in
septic shock conditions. For example, DEX cannot reduce the
mortality of septic shock, despite the efficacy by which it
prevents endotoxin as well as exotoxin-induced lethality in
mice.38 This may be related to the mode of action of
glucocorticoids on macrophages, particularly on the induction
and secretion of TNF and IL-1, which are pivotal in the
development of septic shock.39 Thus, TNF- production can

only be suppressed if steroids are given hours before the endo-
or exotoxin challenge."0 In this study fusidin behaved similarly,
in that it failed to prevent both SEB- and LPS-induced lethality
if administered 2 hr after challenge with either toxins. In
contrast, fusidin administered up to two days before SEB or

LPS completely prevented the lethal effects of the toxins and
also abolished the in vivo production ofTNF-a and IFN-y. This
observation suggests that in patients with specific shock,
treatment with fusidin, like glucocorticoids, should be started
immediately for some, if any, beneficial effects to be achieved.
None the less, while these experimental studies do not

anticipate a therapeutic role for fusidin in the management of
septicaemia, this drug could still be considered for the
prophylactic treatment of subjects at risk for developing both
Gram-positive and Gram-negative forms of sepsis.

In conclusion, this study demonstrates that fusidin, a novel
immunosuppressant of low toxicity, exhibits beneficial effects
on experimental models of cell-mediated immunity and lethal
immunoinflammation. Fusidin might therefore have an

important role in the treatment of similar diseases in humans.
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